The current study examines the passive pulmonary targeting efficacy and retention of 6 m polystyrene (PS) microparticles (MPs) covalently modified with different surface groups [amine (A-), carboxyl (C-) and sulfate (S-)] or single (PEG 1 -) and double (PEG 2 -) layers of ␣,-diamino poly(ethylene glycol) attached to C-MPs. The -potential of A-MPs (−44.0 mV), C-MPs (−54.3 mV) and S-MPs (−49.6 mV) in deionized water were similar; however PEGylation increased the -potential for both PEG 1 -MPs (−18.3 mV) and PEG 2 -MPs (11.5 mV). The biodistribution and retention of intravenously administered MPs to male Sprague-Dawley rats was determined in homogenized tissue by fluorescence spectrophotometer. PEG 1 -MPs and PEG 2 -MPs demonstrated enhanced pulmonary retention in rats at 48 h after injection when compared to unmodified A-MPs (59.6%, 35.9% and 17.0% of the administered dose, respectively). While unmodified MPs did not significantly change lung retention, PEGylation of MPs unexpectedly improved passive lung targeting and retention by modifying surface properties including charge and hydrophobicity but not size.
important in translocation through mucous and intestinal uptake 48 (Norris et al., 1998 (Norris et al., , 1999 . sample was corrected by the number of MPs determined using a
131
Coulter counter.
132
To attach a second layer of PEG, the surface of PEG 1 -MPs was 133 modified with carboxyl groups using the following procedure.
134
PEG 1 -MPs (as prepared above) were added to a 5-fold excess of 135 anhydrous EDTA (used as a branching agent) in DMSO (Scheme 1, 136 step C). The reaction was allowed to proceed until no primary 137 amine groups were detected on the surface of MPs using the flu-138 orescamine assay. Unreacted EDTA was removed by washing MPs 139 with DMSO/ethanol (1:1) three times, followed by drying under 140 vacuum. PEG 2 -MPs were prepared by reacting the EDTA modified 141 PEG 1 -MPs with DAPEG using the procedure described in step B.
142
The reaction was also monitored for completion using the fluo- MPs (A-, C-, S-, PEG 1 -and PEG 2 -) were examined using an SEM.
242
Unmodified MPs were spherical with smooth surfaces and had (Table 1) . Moreover, sequential addition of a sec-
254
ond layer of DAPEG to PEG 1 -MPs further increased the -potential 255 to 11.5 ± 4.93 mV (Table 1) .
256
The -potential of MPs was subsequently measured over a range
257
of pH values (pH = 2-9) (Fig. 2 ). S-MPs and C-MPs displayed nega-
258
tive -potential values independent of pH; whereas the -potential 259 of A-MPs was positive at low pH (pH = 2 and 3) due to the pro- icantly greater than the retention of the unmodified MPs (Fig. 3F ).
294
After 48 h following MP administration, <10% of the S-MPs, 16% 
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The ability to manipulate -potential in a predictable way on 
PEGylation of MPs changes their -potential

397
In general, the smaller the absolute value of the -potential 398 a colloidal system carries (i.e., the closer to zero), the lower the
399
Coulombic repulsive forces between MPs exist. The result is an 400 increased potential for aggregation/flocculation making it more dif-401 ficult to maintain a stable, well-suspended solution (Shaw, 1980 fore, a traditional approach for maintaining a stable colloidal electric point (Hunter, 2001 PEG 2 -MPs were investigated in this research project.
429
Based on the MP -potential measurements, it was hypothesized 430 that both the steric hindrance caused by PEG molecule and the pos-
431
itive charges on the DAPEG influenced the changes in -potential.
432
It was shown that by grafting PEG onto the surface of colloidal of the PEG to the changes in -potential has not been elucidated.
441
PEGylation has been widely used to form stealthy particles Thus, at this time, the ability to control specific organ distribu-566 tion by tailoring the surface charge of MPs is yet to be fully explored.
567
In particular, the effect of charge on the in vivo fate of MPs could now in the process of extending these studies by systemati-
